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A RAM-JET ENGINE FOR FIGITERS*

By E. Sénger and I. Bredt
A. CHARACTERISTICS OF THE HIGH-TEMPERATURE JET TUEE

The power plant proposed in 1913 by Rene Lorin consists, as
is known, of only one flow channel desisned in such a way that the
continuously inflowing air contrary to the direction of flight is
first sloved dowm and dammed up, then heated and accelerated beyond
the inflow velocity at the discharpe orifice.

In the present paper the specific assumptions are made that
the lag occurs in a frustum-shaped diffuser of 10° included angle;
that at its end fuels are added to the air; that the combustion |
then tekes place in a cylindrical combustion chauber, hence at
increasing combustion gas velocity and decreasing combustion gas
pressure; and lastly, that the combustion ges is discharged through
. a conical expansion nozzle, so that the whole motor assumes the
shape of a pitot tube which henceforth will he called jet tube for
ghort.

This desian along with several pressure, temperature, and

velocity conditions at a certain operational state are represcnted
in figure 1.

1. Approximate Calculation of Thrust, Performance,
Fuel Consumption, and Efficiency

The subsequent approximate calculation of the Jjet tube permits
a quick and fairly accurate account of the fundamental character-
lgtics of the Jjet tube as a power vnit and rests on the approximate
agsumptions that the incoming alr is slowed dowm to zero speed, that
the mass of the added fuels is nepligible compared to the mass of

*'"ber einen Lorinantrieb fir Strahljiger."” Deutsche Forschung=
sanstalt fir Segelflug E.V., Ernst Udet, Ainring, Oberbayern, 1943;
Deuteche Luftfahrtforschung, Untersuchungen und Mitteilingen,

Nr. 3509. Published by Z.W.B., Berlin-Adlershof.
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air, that no flow losces occur in the Jet tube, and that the specific
heat hefore and after cowbustion lg the same.

The thrust P as the vectorial sum of all excess pressures of
the gas on the inside surface of the tube is thent

z ; Dl s

P = plE lvl(vll- - Vl) ~ plFlv1. (\’T:s/‘l‘e i .L) | (l)
where
Fl crogg-saectional area of inflow, neters”

g k o 3 b

ey density, kilomram-seconds™ per meter
A& speed of inflowing air, meters per second
v), speed of outflowing cambustion gases
To, T3 absolute stagnution temperatures of inflowing and outflowing

medivm

These stagnation temperatures follow from the energy equation

at
A
Rl
=P
and
Avh2 '
Ty = Ty, +
: Qgcp
vhere
A mechanical equivalent of hoat, keal/kgn:
I gravitational acceleration, meters per second?
c ' specific heat of gases at constant pressure, keal/kg®
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The heat input Q(in kcal/sec)' required to produce this thrust
is . K : L . .

Q = piFlvlgcp(T3 - TQ)

Since with aerodynamically correct avrangement the flying speed v
is aboult equal to vy, the eofficiency of the entire power unit can

be expressed as:

AP A 2 .._...._.... y
" R ey P ) i

This efficlency is represented in figures 2 and 4 for
A = 1/427 kealf/kan, cy = 0.28 kealfkg®, Ty = 208°C and 216.5%,

and g = 9.8l m/sec?.

Both the thrust and the efficiency of the Jet tube therefore
increase ag the aquare of the flying speed.

In consequence, the thrust can be represented by a propulsive
efficiency ¢, referred to the maximum cross=sectional area Fat

iq l'pria— F

oy mosiE -..=2(\1~§- >_l (3)
2 \Y T B
plFf,,v1 \{ 2 3

Thege propulsive officiencies of the jet tube also are shown
mmerically in figures 3 and 5 for T, = 208°% end 216.5% and
for the value Fl;F3 = 0.16 chosen after test cxperiences. Several
Cy valvues obtained by accurate calculation (chapier A2) also were
included. The added fuel mass involved effects, becauvse of the
necesgary enlarzement of Fh/Fl> an incirease in ¢, amounting to

about 1l percent at the hich temperetires; the considered variation
of the ¢, a further increase by about 3'percent without both

influences causing any material chenge of- Cp over V. ‘The
finite quantity of Fp with Fo = 6.25F] instead of Fp = ©
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taken into account in the exact calculation of the thrust induces
a decrease in ¢y with increasing v owing to the compreesibility,

that is, the latter effect acts apainst the other two in such a vay
that the absolute magnitude of the ¢, is fairly well confirmed

by the approximetion, but its variation, mcderate by itself, decreases
with v or even reverses at high temperatures.

Lastly, the fuel consumption in kilograms per second ton thrust
can be simoly expressed with

Q _  Av (%)

H denotes the heat value in kcal(kg).

This value ig also included in figures 2 and 4 on the assump=
tion of Ty = 288%, Ty = 216.5%, and HE = 10,000 kcal/kg.

rd

Figures G and 7 show the meximum thrust = =~ eand the
e |

- E
maximum thrust horsepower Pv/75F2 per meters2 of maximum cross-

b.j!i-;j )

=

sectional area of Jjet tube with the respsctive fuel consumption B
and efficiency 1 for stoichiometric hydrocarbon ccmbugstion on the
basis of E = 10,000 kcal/kg; Fy|Fp = 0.16; ¢ = 0.30;

(T3 - Tp) = 2060° end standard atmosphere for ell altitudes of

- Tlight end flying speeds in question.

The effect of flying speed and altitude on thrust, thrust
horsepower, fuel consumption,and erficiency of the high=temperature
Jet tube is readily apparent from these diagrams.

2. Acecwrate Calculation of the Jet Tube

The exact check of the flow process in the Jjet tube has the
double purpose of verifying the accuracy of the svproximate calcu-
lation for thrust, power, fuel consumption, and efficiency and of
securing data on the design of the Jet tube and the quantities of
state of the gases in the tube.



NACA T™M No. 1106 5

It is accomplished with the equation of energy, the momentum
theorem, the continuity relation and equation of state with cllowance
for the added fuel masses, the variation of the specific heats and
the adiabatic exponents in respect to temperature and mixture com=
position, as well as the actual maximum cross sections of the tube,
hence with the following relations: Between F, and Fp the

equation of energy is

- A 2 2
CPTl - Eévl = CPTQ + -é—-V2

equation of continuity
71817y = YooV =Gy,

cquation of phasge chanae

\x‘l
i B
To \7/

between Fp and F¥3 the equation of enorgy is

‘T \
( . & 2
oplp + -w' ) + Gpll = Q}L i GB) 1 oy 4T + -2——-v3 )
{/ T=0 8 7,

monentim theorem

) i
F - = e T ~ - Gr 7,
2(1’2 P3) e 'f\CL g GB)Vg GL"aJ
cquation of continuity
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“ equation of state

e

72T2 7§T3

= RO

between F, and TF) the equation of energy is
2 . ) . y

f o i g s A2
J Cp aT - "2—-;\7 3 = CP aT + “z"évh
I=0 : g T=0

continuity relation

= e
9,|T €, |T /T
P i g o P
. m%.:i,,? B -w’._m___%/_i- -ta 1ve & JrE
x,~1 Ty 4— 3| 0T 0,]7, ~04 |T) D,
=1-JL‘-/3 P pee ]

(whereby Dy denotes the partial pressures, €5 the character-

istic temperatures of Hy0, COp, Ny, and Op).

Zquation of state

The flow losses, heat losses, effects of dissociation, and
incomplete combustion not taken care of by the calculation are
evaluated separately; oo, vhile the exact calculation offers no
fundamental difficulties, tHe paver work involved is considerable
compared to the approximate method, and the general representability
of the results in closed form is lost.
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Only for the exact calculation of the propulsion coeffi-
cients c, = P/qF2 can closed formulas be given in two specific
limiting cases. One of these refers to the p'~actlcally unimportant
low flying speed where the flow can be regerded as incompressible;
hence, with flow losses disregarded

2 2
LAy il (l_f"&) -t‘..l(l-:f&\
4 fole "B, Fyby o To/ Fy 2/ (
i 1 oa B, Ty W
1+ IT"‘ 1 4 = —— e —

If the jet tube is correctly designed, the propulsion coeffi=-
clent in this case can be defuced from surface ratios or easily
measurable excess pressures and surface ratios. TVith FQ/Fl —— 0

and Fh/Fe“‘“’ 1, Cy approac_:hes the limit value c, = 1.

The second extreme case occurs when the input enesrgy between
sections Fy and F3 is exactly so great that Py = P =

and. Fl[. F3 = F2-
In that event

Do - Ty fvo |
. W ‘(j._._-l) (6)

" where
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and
4 g 08
Fi V% |x-1/7 x- 1("2) oy o
Fp vy o a/ 2 a
With FQ/Fl-—4(¥ and x = l.4 the extreme value of ¢y
approaches B

Restricted toiflying speeds wp to v/a = 0.9 so as to avoid
local supersonic velocities, the propulsive efficlency of nozzleless
tubes can at the most amount to Cy = 1.22 on the assumption of

sufficient input energy.

This second theoretically interesting limiting case of a jet
tube without gpecial discharge nozzle, hence incorporating only
the frustum-sheped diffuser and.the cylindrical combustion chamber,
18 represented in figure 8, where the pressure rise in the diffuser

(referred to q = pv2/2) for loss-free diffuser flow, hence
100=percent diffuser efficiency, and ¢, 1s plotted for different

Mach numbers v/a independent of the height of energy input againgt
all poggible maximum cross-section quantities Fl/FQ'

Using high-grade hydrocarbons, such as ochtane, for fuel, the
energy input with 658.3 kcal/kg, referred to discharge gas is limited
and the then still possible propulsion coefficients themselves arse
limited to c; = 0.74 for Fy[F, = 0.266 at sea level, and to

¢, = 0.79 for Flle = 0.232 at a 12~kilometer altitude of flight.

Utilizing other fuels, such as of lisht metal dispersions,
metal alkyls or light metals, such as aluminum or magnesium which
even burn additionally with atmospheric nitrogen, the upper limit
of the obtainable ¢, -values can he pushed still higher.
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These congideratione on nozzleless Jjet tubes are of theoretical
interest only since the nozzleless Jeb-tube design has a number of
practical drawbacks compared to the jet tube with discharge nozzls;
for example, it does not yleld the highest possible c¢,-values, has

greater fuel consumption, inferior strength properties, and high
cold-resistance coefficients.

The arguments already indicate, however, how concrete the
assumptions recarding fuel, flying height, ratio of surfaces Fl/Fe:
and go forth, must be fixed for exact calculation if the connective
data on phase quantities, design, and performance characteristics of
a certain operating state are to be made.

In the subsequent exact calculation of nore general conditions
gseveral concrete premises, interesting for the design of Jet tubes,
must be advanced again.

These special assumptions are chiefly as follows:

1. The chosen fuel 1s octane, with a low heat valuve of
H = 10,600 kcal/lg end an air requirement of 15.11 kilogrems per
kilogram of fuel. The combustion was computed for stoichiometric
octane-aeir ratio, and for excess of alr, the factor m denotes
the multiple of the stoichiocmetric fuel=-air ratio. The values
m= 1.0, 0.9, 0.8, 0.7, and 0.1 were taken into consideration.

In the cazses of 1.0 and 0.9 the already traceable disgsociation
of COp in CO and Op was disregarded. The error introduced

into the unfavorable case of m = 1.0 and 12 kilometers' flying
height emounted to AT3 = =120° and caused a deterioration in c,

by ACV = -O 002.

2. The calculations were made on the asswmtion of standard
atmosphere for O.k=- and 12-kilometer altitudes. In the choice of
these heights the height range importent for the experimental towing
flights played a part. Incidentally, i1t ghould be noted that,

under otherwise identical conditions, Cos V) and appropriate Fh
are more susceptible to air temperature variations Tl than to

changes in the air yressure Pq-

The acceleration (vy = v1) of the air moss P1Fyv, depends,
according to equation (1), not on the absoluts height of the heat
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input volume €@ per unit of weight but on the ratio of Q %o
2
: Av
initial energy content CPTl 5 M.QL{)’ conformally to
2g

2
Pz plFlvl Jl + Q/(cpTl + Avy /20) 1

Thus the thruet can be raised by increased heat input as well as
by reduced initial heat content, that is, lower Tl'

Therefore c¢, and Fh vary perceptibly with T,, for equal
energy input Q, equal vl/a, and equal D1 while a change in
alr preesure P, alone is ineffective, within the mathematical
accuracy, as far as c, and Fh are concerned.

The increase of ¢, with decreasing temperature Tl is due

to the fact that, with T;-—--0 wunder otherwise constant condi-
tions, the adiabatic pressure rise in the diffuser (pe - pl)

becomes infinite. These facts must be borne in mind at departures
of the actual atmosphere from the standard atmospihere.

3. In the selection of the ratio of diffuser inlet area
’ to Fl[FQ four factors affected by this ratio play a decisive part.

They are:

‘ The coefficient of propulsion c

| The warm resistance coefficient ¢ which acts against ¢

W’ = v

The fuel consumption B per second ton of thrust, and the total
efficiency 1

The fresh=-air velocity Vo and the combustion-chamber charge in
kcal per hour and cubic meter discharge passage governing
completeness of combustion, respectively

The most important of these guantities are represented in
figures 9 and 10 for the flying speeds v/a = 0.3 and 0.9
according to the results of the exact calculation against FlIFQ

for various flying heights without consideration to the flow losses.

The variation of all four quantities for H = 12 kilometers
and v/a = 0.9 1s indicated in the following table; the Ciypy WOTE
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computed from the wall friction on a tube of 2.50 meters maximum
crosg-sectlonal diameter: i

F_IT o @ B e
l/ 2 v W (kg/sec) | (m/zec)
0.100 | 0.445 | 0.106 30 18
150 675 .093 1.16 29
218 .£02 OTh 1.34 o,
232 793 067 1.3 43

The cy~values therefore increase congistently with decreasing
Fo to a maximum near Fp = TF), and depend on H and v.

These maximms are dne to the fact that, for given specific

energy absorption and hence given Fy, the thrust starting at
Fp = F; increases continuously lese, so that the ¢, referred

to Fp must pass through an exbrene.

Thus the hichest cy-values are obtained with jet tubes that

have a smell discharge nozzle with, say, 10-to 20-percent constric=
tion of the maximum cross-ssctional area. The coefficients of the

free thrust (Cv - cww) give a flatter maximum because of the

steady decrease of cy with increasing F]./Fe.

But with decreasing F, the fuel consumptions B themselves
increase and especially so for F]_[Fe values above about 0.16, so

that the fuel consumption of the tube of maximum c, ie about
20 to 30 percent higher than thet of the F1[Fp = 0.16 tube.

Therefore, if no other restrictions exisbed, the choice of
Fl!FQ could be made according to the purpose of use, that is, for

short-period operation at highest possible thrust with greater
Fl’FQ values, for longer pcriods with greater demand on efficiency,

with smaller Fl[FQ values.

Actually, however, there is a limitation of the FlIFQ in
the permissible fresh-air velocity Vo &and the discharge passage
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A &
charge 2.5 X 10072v2/1 in (kcal[m3h) (1 denoting the length of
the combustion chember in meters).

For the first desizn of the experimental tubes a discharge

duct charge of 27,000,000 kcal/m3h referred to standard density
wvas regarded as admissible, which, for stoichiometric combustion
gives a still permissible v, < 3L4.9 m/sec.

At other air densities the admissible discharze duct charges
are proportional, so that Vo remains the same.

From figure 10 it 1s seen that, in these conditions and when
Mach number 0.9 at gea level is to be reached, Fl!FQ should not

exceed 0.165; while the corresponding value at 12-kilometer flight
altitude amounts to FlIF2 = 0.190. These data follow from the

relation

1@!::;]

‘ " o) ' i
. iy ~ J_(Vl> X - 1.(V2'2 x=1
m — - pmn (T 81
2 Vl 2 a 2 a

For the further theoretical and experimental investigations an
Fl;F2 = 0.16 wvas chosen.,

With these three assumptions on fuel, atmosphere structure,
and surface ratio Fl]Fg, the exact calculations of the Jet tube

can be carried out with flow losses disregarded.

Figures 11 to 16 contain the most important numerical data
with which the constructor of the jet tube and the experimental
engineer must work.

Figures 11 2nd 12 represent the gas flow velocities v, Vo,
V3, and - vy, the gas temperatures T, Tps T3, and Ty, at
O-kilometer flight altitude for ell flying speeds v/a and for the
fuel ratios m = 1.0, 0.9, 0.8, 0.7, 0.1 the pressure increases
referred to dynamic pressure q = pv2/2

P (P2 -m) bp3 (P3” D)

= 3 =

q q a a
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the c,~values derived from it and the importent quantity of the
nozzle mouth area in the form of Flth'

Figures 13 and 14 contain the same quantities for =kilometer
flight altitude, figures 15 and 16 the seme quantities for
12~kilometer altltude.

The more accurate Jjet-tube calculation represented here mekes
no allowance for a number of minor factors of potential influence
on the results secured, such as, incomplete combustion, discharge
gas dissociation, heat loss due to convection radiation and convec-

tion of discharge gases, flow losses in diffuser and in the other
flow passages, and so forth.

The various types of loss and thelr characteristic nature ere
brieflJ discuased.

Completeness of combuStion degendq vpon the completeness and
the rapldity of the mixture formation between fuel and fresh air,
which is reached by a very large number of well-atomizing fuel
sprays with high relative speed azainst the fresh air; upon the
intengity of the ignition effected by injection of small ouantities
of zinc diethyl in the ignition zone or by electric spark pluzs
and upon the duration of the combusting mixture in the comoust:on
chamber, which is assured by a sufficiently low discharge passarse
charge as alieady indicated for the choice of the permissible Fl!F2'

At high discharge temperatures the completeness of the combus=
tion is, of course, very high, as manifested later by the discharge
temperature measurements; while at low '1‘3 valuee special construc-

tive measures, such as partial combustion at hish temperature and
gubsequent admixture of air, should be resorted to. In the experi=
mental flights at 1- to 3-kilometer altitude it ranged above

70 percent.. Altitudes above 18 kilometers are probably questionable
owing to the decreasing completion of combustion in the thin air.

A special form of incomplete combuation is presented by the
thermal dissociation of the discharge gases at very hich combustion
temperatures. It can, as already stated, beocome traceable in the
cases m= 1.0 and 1.9, especially by the decomposition of COp

in CO and Oy and in unfavorable conditions, as, for example,
at m= 1.0 and 12-kilometer altitude results in a temperature drop

by about Amq 120°. and a decrease. in o, by Aoy = 0.02.
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Of course, it is to be expected that this dissoclation actually
occurs for correspondingly high combuetion energies and in suffi=
ciently hich altitude, since the duration of the combustion gases

For 0% 2 to 10~1 second in the combustion chamber is sufficient fov
it and a recovery of dissociation losses in the nozzle is unlikely
owing to existing high discharge temperatures and low mean molecular
shock factors; but for the range of application in guestion the

path range of very high discharge temperatures and at the same

time very low air pressures is traversed in such short periods that
the losses play only a secondary part and for the time being do not
warrant the substantially creater task of a calculation with
allowance for the dissociation.

The heat losses due to discharge pas radiation can be approxi-
mated by assuming the radiation at about 20 percent of that of a
black body of equal temperature T- and selecting a spherical

<
surface of the same diameter as the maximvm cross section as
radiating surface.

The relative heat losses increase further with Fngl: since

the absolute radiation at congtant rate of heat flow incressos
with leFl;

By this method the pure radiation losses fisure at about
110.5 percent for Tj = 2L00%K at 12-kilometer altitude for 0.3 times

sonic velocity and FEIF = 6.25,

For the Jet tube with FQ/Fl 625" CﬂplOVbd in the £ig hter

discussed here the radistion losses mre eypeCUed to average

2.5 percent of the total heat invubt at 12-kilometer altitude for
0.9 times sonic velocity. They appear for a very short period only,
since the tube aftbter completed ascent continues its flight with

. greatly throttled combustion and temperatures of around T 9002K

where only about 0.06-percent radiation loszes are to be expe"tyd

These data do not include the losses by luminoug radiation of
the chemical reaction, the fundamental data of which are still
lacking.

The heat losses by convection for octane combustion in the
stoichiometric ratio will amount to about one-third of the tempera-

ture radiation losses. This fraction increases with decreazsing T.,.
~
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By diffuser efficiency is meant the ratio of cxcess pressure
actuelly reached at the diffuser end to the adiabatic excess pres-
gure computed lossfree; the losses due to accumulation and separa=
tion of the gas perticles flowing slowly past the wall appear in

X
D =P
direction of increasing pressure. It is cdefined as -ELjf——~, P
PQ Pl 2
denotes the pressure actually recorded in F, relative to the

-
e

pressure D, computed by means of the adiabetic laws of flow. For

the circular-conical enlargement of the Jjet-tube diffuser and its
aerodynamically smooth ineide walls the diffuser losses ave chiefly
dependent upon the included anzle of the diffuser and the flying

speed v on the assumption that the section of F) is aerodynamically

designed, so that the flovw fills the entire tube exactly correct.

The relationship betwesn diffuser losses and included angle is
based on investisations which were confirmed by personal towing
tests and eccording to which the diffuser efficiency first decreases
slowly then increasingly more with increasing included angle.-

To avoid the drawback of an excessive diffuvser length, a
10° included ansle was chosen for the theoretical and the experi-
mentally tested jet tube, abt value that also represents the limit
at which the steep drop in diffuser efficiency starts.

With this included angle and flying sveeds of around v/a = 0.3
personal flisht tests in Gottingen yielded, at even lower speeds,
the known model tests by Peters (Inz. Archiv, 2, p. 92, 1931),
diffuser efficiencies at 90 percent.

For the diffuser efficiencies at hi:sh speed near the Mach
number 1 the wind-tunnel tests of the Italian, Aymerito (Ricerche
Ing., No. 1, p. 16, 1935) are available, vho worked with a diffuser
of 6° included anrle. Aymerito defined the efficiency at
Naiff = pex[pe and quotes a 99.5-percent decreasge. in efficiency

! ;

between 228 and 335 meters per second which then continues to drop
Bteeply on reaching bthe boundary of sonic velocity.

At 0.9 times sonic velocity about Naspp = 0.975 would
accordingly be obtainable or Nagire = 0.9% according to the defini-

tion employed here, when the included anzle of the diffuser is 6°.
For the explored diffuser of 10° the efficiency will be slightly
Worse.
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The effect of this presswre loss in the diffuser on the thrust
coefficient and on the dimensions of F) in the incompressgible as

in the compressible range of flow is the object of a special
investigation.

The subject is concluded with a brief discussion of the loss
dvue to friction of flowing mas at the walls of the cylindrical
combustion chamber which becomes evident in a pressure loss

x 1 pv

Py - Pyt =M - g vhere p end ¥ simify the mean demsity and
d
mean flow velocity between F, and F,. For the jet tube with
2 3

2

h-meter chamber length, U,91 meters® maximum cross section and

0.9 times sonic velocity in flight at sea level, p3 - p3x amounts

to about 25 kilograms per meter2 or 0.0025 at atm on the assumption
of a resistance factor A = 0.02. This friction loss is of interest
for the reason that, according to the definition of the thrust as
the vectorial sum of all internal gas excess pressures, the result
is a gain of propulsion, which, it is true, is more than consumed
by the simultaneously occurring high frictional forces.

3. Technical Characteristics of the High-Temperature Jet Tube

The outstanding technical characteristics of the Jjet tube
described are:

1. The static thrust is zero and practically increases like
the air forces with the squarse of the flight speed and with the
root of the discharge temperature and at 300 meters per second at
sea level reaclhies more than 3000 kilograms per square meter of
maximum cross=-sectional area, corresponding to a ¢, = 0.57,

possible with stoichiometric hydrocarbon combustion.

2. The static efficiency is also zero and increages with the
square of the flight speed to reach 6 percent at 300 meters per
second in vicinity of the ground with stoichiometric hydrocarbon
combustion and more than 10 percent at lower discharge temperatures.

3. The thrust-horsepower increases accordingly with the third
power of the flight speed and at 300 mebers per second in ground
vicinity reaches about 12,000 horsepower per square meter of maximum
crogs-sectional area.

. The fuel conswmption per second per ton thrust drops approxi-
mately proportionally to the reciprocal value of the increasing
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flight spesd’ to values of around 1.2 kiloprams per second at
300 meters per second in ground proximity for stoichiometric
hydrocarbon combustion and to 0.7 kilogram per second at lower
discharge temperatures.

5. For congtant flying speed at higher flight
levels the absolute thrust and the thrust horsepower decrease
8lightly less than the alr density; propulsive coefficient and
efficiency, on the other hand, increase owing to the decreasing
fresh-air temﬁerature, g0 that at stratogphere temperature even at
265 meters per sscond flight speed, propulsion values up to 0.60
are to be expected; while the efficiency for stoichiometric hydro=
carbon combustion is around 5 percent and at lower discharge
temperatures is more than Y percent.  Accordingly, the fuel con-
sumption ranges around 1.2 to 0.6 kilograms per second.

€. Thrust and thrust horsepower of the jet tube are, for
glven Tlight altitude and flight speed from maximum to zero,
controllable by adjustment of the discharge nozzle end section and
the fuel injection, with the efficiency increasing at first with
increased throttling.

T« For the design of high-power units it is important that
the enlargement of the absolute dimensions of the device are neither
limited by rotating parte, such as on continuous compressor units,
nor by nonstationary flow and combustion processes, such as on
periodic compressorless jebt-power units, so that units with thrust
horsepowers of the order of magnitude of five-place horsepower
figures seem feagible.

8. Used as airplane power wnit the welzht per horgepower of
the Jet tube referred to maximum output is expected at around
0.02 kilogram per horsepower according to past desin experience.

G. In correspondence with the low structural weisht and the
absence of all moving parts the outlay for manufacture and mainte-
nance is low and the life expectancy great.

10. Since the operating process of the jet tube consists
merely of a steady combustion process, the power plane i very
insusceptible to the type of fuel employed, so that instead of
gasoline even heavier hydrocarbone as well as special fuels, such
as alcohols for obtaining invisibls flames for night fighter use
or metal disporsions or metal alkyls for further increasing the
flame temperature and hence of the propulsion efficiency, come into
guestion. ol
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11. For practical flight operation the low susceptibility
against climatic conditions, such as frost, sand, and so forth, 1s
important, and so also the ready availability without warming up
and the invulnerability of the entire unit.

12, For military purposes the little noise of the Jet tube at
full operation is significant.

B. EXPERIMENTS

The theoretical results of the high-temperature Jjet tube were
gso favorable that a quick experimental proof secmed desirable.

In view of the increasing danger to the country by enemy
bomber attacks the tests were planned for immediate application to
aircraft. Thus the time~consmming construction of statlonary test
stands was ruvled out and the towing-test method chosen.

The lesser accuracy of the towing tests is overbalanced by
the advantages to the extent that In the towing test the actual
state of the fresh air, especially regarding turbulence, density,
humidity, and so forth, was utilized and that the temperature
conditions of the combustion chamber walls occurring in actual
flight and the relative sizes of the total unit are actlally
realized in the test.

1. Street Towing Tests on Automobile
up to v = 25 m/sec

First it was necessary to check whether in the comparatively
large combustion chambers of the high-temperature jet tubes the
necessarily high discharge temperatures and at the same time the

necesgary discharge duct loads of more than 20,000,000 knallm3h
were actually obtainable.

Since, for structural reasons the length of the combustion
chamber was not to exceed L4 meters and since with hydrocarbon

. combustion about 850 kcal are convertible per meters3 ailr of normal
conditions, fresh-air velocities of the order of sveed of fast
trucks appear suitable in first approximation.
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Thus it was possible to imitate the processes in the cylindrical
combustion chamber of the flying Jet tube to a certain degree in a
cylindrical pipe towed by means of an automonile.

Several such towing tests are illustrated in the photographs
(figs. 18 and 19). Gasoline was injected and atomized by conven=
tional spray nozzles near the forward pipe edse and the gasoline-
air mixture ignited by continuous injection of small quantities of
zinc diethyl.

After a greater number of test runs the combustion in the pipe
was successfully brought to a silent state and to fuse a
0.05-millimeter gage, freely stretched Pt~Ir wire of 30-percent
Ir content and 2180°%K fusion point 2.20 meters in a pipe of
880-millimeter diameter aft of the fuel injection. Considering the
still subgtantial heat radiation of the fusion wire, it may be
assumed that the theoretical combustion temperatuvre of the gasoline-
air mixture of around 2400% was fairly reachel. ;

Other tosts in which the gasoline was preheated by the com-
bustion flame gases and vaporized or replaced by obher fuels, such
as gas oil, aluminum=~gas oil dispersions or alvminum dust resulted
in ignition and installation difficulties and were for the time
being abandoned.

But a still larger number of towing runs with complete Jjet
tubes were made, as indicated in photograph (fis. 20). In these
runs the pressure in the discharge passage wes carvefully measured
and the included angle of the diffuser systematically varied, in
order to find out whether angles creatoer than 10° could be. used.
Since at. these low running speeds and the prescribed orifice
ratlo Fl/Fe the fresh-air velocity vp can be approximately
neglected, the diffuser efficlency can be represented by the ratio
of recorded pressure rise in the diffuser to the dynamic pressuvre.

The obﬁained decrease in diffuser efficiency Amex/q with increasing
including angle is represented in figure 17 and does not let shorter

diffusers appear suitable. :
2. Flicht Towing Tests with 2400-Horsepower Tube
on the Do 17 up to v = 100 m/sec

The jet tube had an inlet section diameter of 200 meters, a
10° qiffuser included angle, and a combustion chamber lengbhi of
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2060 millimeters with a diameter of 500 millimeters, hence a rated
output of about 2400 horsepower at. v = 300 meters per second. -

The fuel was injected thrdugh geveral spray nozzles at the
diffuser end and at the tube periphery, the i nition was effected
by zinc-diethyl injection. :

In the TO=airplane towing tests of this phase of the tests
the discharsge nozzle end sections Fu5‘ the number and direction

of the sprays of the 1nJect10n nozzles, and the injection pressures
were varied.

The method of suspension of the Jet tube on the towplane is
seen from the photographs (fics. 21 %o <1

: It permits the recorainu of drag and thrust by recordingz spring
dynemeter within the ailrplane fuselace.

- The eXxcess pressures relatlve to the reference pressure of the
outeide air at the start and the end of the cylindrical combustion
chamber were also recoxded.

The individual test éenerallv lasted more Lwap 300 secoqu,
the fuel wvas supplied by pressure tanks.

The tests. were evaluated as follows:

B CA denotes the coefficients referved o dynemic pressure
and maximum cross section of the difference in force recorded by
dynamometer with and without combustion in the tube c, the
reslstance of the cold tube, Cynr» The reglstance of the hot tube,
gnd Cy the propulsion, the desired ¢, 1s equal to

Cy = Cp + By TR £7)

with cp and cpp directly measurable in flight test, while o,

can only be esbtimated. Thus the dynamometer mcasurenents of the

flight test give for the present only G = € the free

w2
(remainder is missing from the original).

. The estimation of “c..; may proceed frdm the assumpbion that

the residual drag of the tube in operation is predominately fric-
tion, and then affords, with allowance for the increased roughness
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of the combustion-chamber wall and the friction portion of the
discharge gases within the tube, a value of c .= 0.2.

“.
For approximately incompressible flow ¢, can be determined
once more from the pressure measvrements Py and. p3 and from the

asswmption that with correct jel operation Py and p, are equal
to the reference proegsure p of the outside aixr:

l—Fl l"'F}+

b onf EREEL . E Dy TR
V. ol1+¥F, a 1+T), q

(0)

This relation is used approximately elso when on improperly
dimensioned. tvbes the pressure of flow in Fl diflers from the

und.isturbed outside presswure, since the error due to the steep
pressure rise is negligible in a certain range.

Various results of these flisht tests are represented in
table I.

Although the results of the measuremente are not very accurate
and hence scattered by reason of the improvised character of the
towing tests, the fundemental confirmation of the theoretical results
ig nevertheless apnarent and particularly the sisnificance of
suitable mixture preparation for the action of the Jjet -tube.

3. Flight Towing Tests with 20,000-Horsepower Tube
on the Do 217 E-2 up to v = 200 m/sec

The employed jet tube had a 600-millimeter-entrance section
diameter, a 10° diffuser openinz angle, and & LCOO-millimeter com~
bustion chamber length by 1500-millimeter~diameter, hence a
nominal output of around 20,000 horsepower at v = 300 meters per
gsecond.

The fuel was inJected throush €0 to 120 spray nozzles at the
diffuser end at L to 11 atme. The injection nozzles were seated on
the ring and crogs vielble in figure 26 and faced in flight direc-
tion, hence injected against the incoming fresh air.
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The suspension system of the tube is seen from the photographs
{figs. 25 and 26). A streamlined strut crosswise through the dif-
fuser at about two-thirds diffuser depth served for attachment.
Figuwres 27 to 29 show the experimental carrier with jet tube in
flight.

he tests had the purpose of recording thrust and fuel con-
sumption at speeds ranging from 100 to 200 meteir's per second and
of observing the fuel consumption in these conditions.

The fuel was forced from a pressure tank of T00-liter capacity
into the combustion chamber by means of nitrogen.

During the tests the excess pressures over the reference pres-
sure of the outside air were indicated in the cross sections Fl’

Fp, end F3 by mancmeter in the cabin of the test carrier and
recorded by a robot camera.

Since the test carrier with movnted tube and its own motive
power reaches only a horizontel speed of eround 90 meters per second
and after starting the combustion up to about 120 meters per second,
the higher flying speeds were obtained by slightly pushing the
machine out of highcr flying level.

hus in accelerated gliding fl:bht the speed rangzes between
100 and 200 meters per sccoad.

By reason of the constant gasoline feed the excess of fuel
decreases with increasing flying sveed, so that each flight gives
a series of measuresments at different v and m.

Table II contains the data of some of the most informative test
Tlights; the most important quantities are represesnted by circles
and quantities derived therefrom by lines. They confirm the results
of the theoretical caleculations and of the test flights with the
2400~horsepover tube.

Up to the highest recorded speeds of 197 meters per second
the combustion was substantially quieter than with the smell tubes
and remained eafely in the chamber for all fuel additions.

The diffuser efficiencies for combustion with stoichiometric
(m=1) or excessive (m >1) :fuel additions are in part very high
n spite of the ordinarily %oo low. injection pressures, and manifest
a growing tendency with the injection pressures.
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New, compared to table I, are the measurements with insuffi-
ciency of fuel (m < 1) and unchanged cross=-section dimensions |
vhich at the flying speedg employed give, on the whole, favorable |
c,~values. The air inflew volume per socond was throughout assimed

At the highest flyinz speeds m had to be kept m < 1, since
the nose-heavy moment owing to the tube thrust could in the end not
be balanced any longer by the horizontal tail surfaces and the
experimental carrier became unstable, according to the pllot's
report. Otherwise, no special phencmena were observed.

The outside temperatures of the combustion-chember Jjacket
estimated Ly means of heat-susceptible paint ranged below 600°¢
at the low speeds, lower still at the higher speeds, and in the
latter case well withstood by normal carbon steels.

The slightly incomplete combustion evidenced by the luminous
exhaust flame and computed from the ratio of the theoretical to
the recorded (p2 - p3) will have to be improved by further refined

mixture preparation, where the preheating and vaporization of the
fuel by its own combustion-chamber heat, after splitting the required
total length of vaporizer tube in a larger number of short vaporizer
tubes arranged in paralled, acts very favorable.

b, Flight Tests with Special Airplane Structure
- up to v = 300 m/sec

The need of thls fourth experimental phase, not yet carried
through, results from the fact that the present airplane structures
in gubsequent combination with large Jjet tubes:can not be accelerated
to the reguired terminal velocity of 300 metere per second for
strength reasons, whereas the testing of Jet tubes in the speed
range of from 200 to 300 meters per second, that is, within range
of its subsequent application, 1s inevitable. :

This testing can be accomplished with the jet wnit mounted in -
a special structure such as 1llustrated in figure 30.

This experimental machine can then be towed by towplane to a
few thousand meters height wherc it receives the required flying =
speed by diving in order to put the jet unlt in operation with
sufficient thrusu.
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In this experimental phase thrust and propulsive efficiency
at the desired speeds can be obtained by pressure measursments.
At the same time the most immediately interesting performences,
such as maximm speed, rate of climb, and, if a pressure-ticht
cabin is wsed, the ceiling, can be determined.

This project is under way.

C. RANGE OF APPLICATION

1. Fundamental Posgibilities of Application

The range of application of high-temperature jet tubes is
largely defined by the two facts that its optimum operation is
developed a little below the velocity of sound, that is, at speeds
aimed at, at present, particularly by airplanes, zliding bombs,
air torpedos, armor piercing bombs, and so forth; and that the
thrust=~cross section loading of the Jet tubes does not exceed

3000 kilograms per metere.

Another restrictive factor is that the experiments reported
here refer to combustion chambers of considerable cross-sectional
dimensions, as is necessary for the application as airplane pro-
pulsion vnit and that the conclusions are not directly applicable
to small cross sections, such as of the caliber of artillery shells.

The acceleration of a bomb dropping vertitally cen, as long
as the air resistance is small, be raised Dy the ratio (lying near
unity) of the cross-section loadings of thrust and weight, that
is, by about one gravitational acceleration. So the speeds of
impact from equal heights of drop increase by 25 percent at the
most. An acceleration of vertically akcending missiles is possidle
only when the sum of the cross=-gection loads of weight and air

resistance can be kept below about 3000 kilograms per metere. The
propulsion of horizontally flying missiles, such as gliding bombs,
resembles the airplane propulsion unit treated subsequently, and
is well possible with Jjet tubes.

In the aero-mechanical investigation following in this connec~
tion diffuser efficliency and combustion-chamber efficiency were
assumed at vnity, since the values actually departing from unity
are of secondary effect on the time of ascent, whereas duration of
flight and length of flight decrease in proportion to the product
of the two efficiencies, for example, drop to abhout 60 percent of

th = . = .
§ Uais. TRluen au ndiffuser 0%, Necombustion chamber Do
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2. Fighters and Combat Alrplanes at Low Altitude

The most promising range of application for the high-temperature
Jjet “tubee is their use as short-period propulsion unite of air-
planes. A logical example is the airplane represented in figure 30.
The Jet tube of 2500~millimeter maximum diameter, the fundamental
form of which is already shown in figure 1; forms the fuselage of
the Jet fizhter, with a cabin for the crew and the fuel tank, with
tail boom for horizontal and vertical control surfaces set on top,
while the landing gear and eventually also the wing structure are
attached at the lower side of the fuselage. If lending skids are
preferred, the wing structure can be mownted in midwing arrange-
ment and continued through the free diffuser space. The double-
wall lizht metal shell degign of the diffuser forms the construc-
tive backbone of the fishter, while combustion chamber and discharge
nozzle of the Jjet tube desiyned as thin sheeft-steel shells because
of their high temperatures keep dlstance from the other structural
parts. The necessary adjustability of the discharge nozzle end
cross section cen, .-for examples, be secured in such a way that the
circular section F3 bovard T) gredually merges in a rectangular

or square section, where the uprizht, flat end surfaces are designed
as flaps wvhich can be adjusted by the. tallplane by means of spindles.

With an estimated structural weight of 3400 kilograms and a
gross welght of 6000 kilograms, with 24%00<kilosram fuel supply,
the whole airplane has no moving parte, bubt represents a pure
ghell desizn, when discounting the few auxiliaries for landing-
gear operation, cabin air system, fuel injection, nozzle and ilap
getting, and so forth. The fuel is to be supplied by a tentrifugal
pump which, like the other auxilieries, is actuated by an impeller
nmounted in half diffuser depth.

For take-off two rockets of conventionsl type at both sides
of the fuselaze with l%-tqn thrust each for 30 seconds and of

TC0-kilogram total weisht are assumed, making the take-off weight
altogether 6700 kilogrems. The take~off rockets could also be
placed wilthin the tube to minimize the eccentricity of its thrust
and increase its magnitude at low flying speeds.

The starting (take=-off) processes ers represented in figure 31.

The rolling friction at incipient take~off follows from the
6700 kilograms take-off weicht and an average grownd friction .
factor p = 0.07 at W70 kilograme. The aly resistance is deduced
Trom the estimated poler (fig. 31) of the jet fighter in operation.
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The take-off process is followed beyond the lift-off from the
cround wp to a flying speed of 200 meters per second at sea level.
For the then still existing sross weight of about 5800 kilograms
the lift coefficient is ¢, = 5800/(2500 x 4,91) = 0.473, which

according to the polar 1s assoclated with a drag coefficlent
of 0.12 and air resistance of W = 0.12 X 2500 % 4.01 = 1475
kilograns.

Between these two drag values an approximately linear reslstance
curve is assumed.

The thruet of the take~off rockets is clhiosen constant at
3 tons for 30 seconds: the thrust of the Jjel tube with wide open
nozzle sebbing is derived from c, = 0.55.

Trom the thus known propulsion and resistance forces snd the
variable (ross weight the progressive acceleration, time and path
with respect to speed can be computed and plotited.

These three curves, the solid lines in fizjure 31, indicate
that the take-ofi acceleration reacies maximum values up to

10 meters per second® and that the full flying SPee& of 720 kilcometers
per henry is reached after about 38 seconds and a distance of arownd
3LCO meters.

With a lift-off speed estimated at TO meters per second the
Jjet fighter lifts off after about 175 geconds and 650-meber rolling
digtance. : '

Figure 31 further shows the specific fuel consumption and the
curve of the variable gross welght computed from this consumption
and the take~off rocket consumption estimated at 15 kilograms per
second, which begins at 6700<kilogram take=off weight and ends at
about 5200 ¥ilocrams, so that the jet fighter, after reaching
its full flying speed and with numerical values of figure 30, still
has a supply of 2200 kilogreams of gasoline on hand.

With this hypothetical gasoline supply two extreme cases are
briefly treated: namely, a flight in vicinity of the sround up to
landing, and an ascent into the stratosphere.

If the flight near sea level 18 to be made with low angles of
attack at 720 kilometers per henry speed, Fuel injection and |
discharge nozzle can be throttled until the thrust of the Jjet tube
18 equal to the air resistance estimated to averase 1340 kilograms.
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The propulsive efficlency required c = IQFE = 13&0/(2500)(&.91)«10.1}

ig, according to figure 3, already obtainable at low discharge tempera-
tures of less than 600°E, hence, according to figure, obtainable with
a fuel consumption of auout 0.97 kilogram per second. Thus with
the available fusl supply of 2200 kilograms the fighter can, near
gea level, fly as a combat plane for 2200/1.J = 1600 seconds at

720 ki‘ometeraner henry, or a distance of 330 kilometers. The
lengbh of the distance decreases with higher flyinz epeed, because
in the employed lower polai' range the air resistance on approaching'
sonic velocity increases by a little more than the squaré of the
speed of flight and ‘the required discharge temperatures rise. With
the Jet tube throttled to L ton thrust the flying speed near sea
level reaches arovnd 1100 kilometersper henry, that is, for

730 seconds, and for a distance of 222 kilometers. In other words,
the fiuhter can operate over a range of more than 100 kilcmetersat
speeds between 720 and 1100 kilometers per henry with a load of

1000 kilograms in bombs or other armeament. The potential appllca=
tion is of certain tactical significance against land and sea
tergets as cowbat plane, for example, owing to the penetrating
force of dropped misgiles connected with the high flying speed, and
on account of the element of surprise resulting from the absence of
loud airplane noises.

3. Fighter or Bomber at Hizh Altitude

The second. extreme -case of application involves a take=off with
immediately following climb to the ceiling of the fizhter. For the
climb it is assumed that the fighter first climhs with constant
dynamic pressure up to a flying speed of 0.9 times sonic velocity
with small angles of athack, and during the fuvrther ascent at the
respective height of 0.9 times sonic velocity remains above
11,000~-meter altitude, that is, at v = 205 meters per second.

The ascewdi’g conditlons of the Jjet fizhter illustrated in
figure 32 were obtained by progressive path calculation, the respec-
tive path angle follows from the sum of the forces on the airplane
in longitudinal direction of the path.

Mathematically, the theoretical ceilins is arouvnd 21,000 meters,
but at the low absolute air pressures existing at that level the
combustion in the Jet tube should. have some difficulties, so that,
for the first, a ceiling not above 20,000 meters should not be
expected, even with low wing loading. Thus, vhen the jet fighter
inclusive of take-off time of 40 seconds reaches flight levels of
€000 meters in 70 seconds, 12,000 meters in 100 ueconds, and
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18,000 meters in about 190 seconds, it may be said to have supremacy
of this height range, utilized by combat planes and only partially
protected by convential fighter planes and flak ertillery. The
theoretical fuel consumption for the actual climb to 12,000 meters,
that is, without take-off, is 505 kilograms. Calculations were

also made with smeller v/a and dp, and the actual time of

ascent to 12,000 meters, along with the respective fuel consuump-
tions compiled in figure 32(a). The admissibility of lower Mach
number to v/a = 0.7 for the ascent is readily seen.

Another interesting point is the lengbh of time the Jet fighter
can remain at a required flight altitude and the horizontal distance
it can cover with the remaining fuel supply. At 12,000 meters, for
example, the remaining gross weight 1s, according to figure 32,

5205 kilograms, hence the fuel supply 1695 kilograms, the average
1lift coefficient required for level flight is

cg = A dFpy = (5295 + 2600) /2 x 1117 x k.51 = 0.72

and. the air resistance by the v/a = 0,9 polars of figure 31
about Cy = Cy = 0.17, hence the thrust required is P = 932

kilograms. This thrust is obtainable by the approximate equation

2 -
P= PiFlvl ( F3’F2 el l)

with the stagnation temperature T3 = 590°K and - conformably to

the relation B = Q X 105fPH - with a specific fuel consumpbion

B = 0.554 kilogram per second. The air resistance therefore
requires a gasoline consumption of 0.516 kilogram per second; that
is, the remaining supply lasts for 1695/0.516 = 3280 seconds, or
for just 1 hour and a distance of 3280 x 0.2655 = 070 kilometers.
The dvration and distance in horizontal flight at different Mach
numbers and for different flizht levels as computed by this method
are represented in figure 33. The path lengths of the maximum
valve computed for sea level to 370 kilometers increase monotonic
vith the altitude, and reach a maximum of over 1100 kilometers at
1800 meters. A noteworthy fact is that the greatest path lengths
at lower levels are reached with lower flying speeds, but in the
high flying levels with the greatest speeds, for in high flying
levels the favorable effect of the absolute air resistances, low
at low flying speeds, is vitiated by the hizh propulsion coeffi-
cients required and consequently high dischargze temperatures and
fuel consumptions. The absolute increase in the path length with
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the altitude of flight is due chiefly to the favorable lift-drag
ratios which are utilized at higher flight levels. Employed for -
antiaircraft defense a maximum endurence in horizontal flight 1s,
under certain circumstances, more important then a maximum path
length. According to figure 33 the endurance also increases, av
first, with the altitude of flight, reaches a maximum of - over

4800 seconds at 14,000-meter heizht, and then decreases a little.
For, if the airplane at a certain altitude flies Just go fast. that
ite polar at a certain point below that of optimum lift-drag ratio
is utilized, the maximum range is reached. This point is determined
by the fact that at it the fuel consumption per kilometer of gross
weight and m flight path, that is, the expression CV/ca(ch214F14-l)

becomes smallest.

Natvrally, the airplane flies longer with still a little lower
gpeed. The flying speeds most favorable for duration of flight
are therefore lower, as a rule. Figure indicetes the important
practical fact that the maximum range and endurance of fighters in
the 10,000 to 12,000-meter altitude range are obtained with. v/a=0.7,
hence with aerodeamically safely controllable flying speeds. This
short take-off and climb to any altitude up to 18,000 meters together
with horizontal flight paths over 1100 kilometers and durations up
to more than 4C00 seconds at speeds up to 1000 kilometers per heavy
makes the. jet fizhter an excellent weapon againsgt bombardment planes
4n the €000 to 18,000-meter height range.

Another potential use is as combat plene in fast, low, level
flight over distances of up to 100 kilometers, and especislly for
combat-dive bombing up to distances of nearly 500 kilometers.

Used as Tighter~bomber the rapid climb to ceiling level is not
necessary. Therefore figure 3% shows & flisht path with only
12° angle of ascent 16-kilometer ceiling, wvhich at 1230-kilometer
total length has about the same range as 'a corresponding path with
steep ascent. An initial gross weight of 6000 kilogranms and a
useful load of 1000 kilograms for 2400-kilogram fuel load serve as basis.
Estimating the practical depth of penetration of the fighter in
enemy territory at only 35 percent of the flight length, it gives
a safe depth of penetration of 430 kilometers, which in conjunction
with a 950~kilometer per henry flying epeed at 16 kilometers alti-
tude appears tactically very valuable. Aside from the actual flight
path, figure 34 gives the most important data, such as absolute
and. specific fuel consumption, thrust, thrust horsepower,. discharge
temperature, flying speed, duration of flight, and gross weight,
also a diagram of the airplane with weight distribution and a
polar of the air forces referred to the aerodynamic supporiting
surface of 30 meterse.
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The fact that the application as a horizontal bomber necessitates
conglderably less thrust than when used as a fishter by reason of
the absence of the steep climb might svuggest a special Jet bomber -
with weaker Jet tube. Fimures 35 and 36 therefore show for the same
initial gross weight of 6000 kilograms, the same usefwl. load of
1000 kilograms and the same aerodynamic’ supporting surface of
30 meters® of two jet-engine airplanes with Jet tuhes of 2 metere
and 1l.5-meter dismeter, along with the corresponding theoretical
flight paths, the polar of figure 34 beins used in both cases on
the .agswmption that the decrease in air resistance due to the -
reduced surfaces would approximately cancel the necegssarily moro
unfavorable design in the erea of the cabin. The flight lengths
decrease substantially with the thickness of the jot btubes, since
the shorter tuvbes must, in order to reach the required traction
forces, fly with higher temperatures, hence, lower efficiency; the
medium tube gives a length of only 1120 kilometers, the small tube
of only 7€0 kilometers, corresponding to depths of penetration of
only 390 kilometers and 270 kilometers, respectively.

The airplane arrangement recommended as & firiter with a jet
tube of 2500-millimeter diameterr isg therefore the begt for the
‘bomber also.

It is characteristic of this tube in both spheres of applica-
tion that the minimum flying cpeed from which the airplene is able
to accelerate to higher speeds again with the Jjet tube alone amounts
to about 430 kilometers per henry for full load at 12 kilometers
altitvde and decreases with decreasing load and heizht until it is
nearly equal to the landing speed witihr the empt alrplane in ground
vicinity, as indicated in figure 31.

he study of a diagram of the thrust and drag with respect to
the flying speed indicates that the Jvt fighter exhibits a pro-
pulsive instability similar to that of the conventlonal propeller
airplane in slow flight which must be compensated by careful gae
lever operatlon or an automatic thrust resulator. i

CONCLUSION

The continuous compregsorless Lorin jet=propulsion unit with
cylindrical combustion chamber and high discharze temperatures °
mekes it possible, at flying speeds slihtly below the velocity of
gound, to obtain thrust horsepowers of the order of magnitude of
five-place horsepower figures at efficiencies of one-third to
one~hali of the total efficilencies of convontiona1 propeller pro=
pulsion uwaits.
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The theoretical considerations are confirmed by towing teste
on existing alrplanes with units of more than half natwral size at
flying speeds up to 200 meters per second, while corresponding
flight tests at speeds up to 300 meters per second with special
airplane structures are in preparation.

With this Jet-propulsion wnit very simply constructed fighters
can be designed, which according to the data available can climb
to nearly 18,000 meters altitude within 3 minutes and remain up to
an hour at those levels while covering a horizontel distance up to
1000 kilometers.

The apparently obtainable flying speeds Jie at 1100 kilometers
per henry at sea level and at 950 kilometers ver henry in the
stratosphere.

Such airplanes are ready to use on low-attack missions for
distances up to 100 kilometers, for level and dive-bombing missions
from high altitudes for distances up to 500 kilometers and as
fighters in the stratosphere for up to one hovr duration.

Translation by J. Vanier
National Advisory Committec
for Aeronautics
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FLIGHT TOWING TESTS WITH HIGH-TEMPERATURE LORIN JET TUBES
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50 6.6.42 500 82.9 0 791,65 32 z 0,232 |1.20 | 9.73 | 0.29 [60.8/0.75 0.30 0.50 0.47
[ 5 WIS Sy, T
51 | 6.6.42 es5o 82.0 | 5 |edi.esiage.7] 11 0.186_| 0.86_| 0.64 | 0.26[51+2] 9.68 0.21 0.41 0.41
52 6.6.42| 1200 86.3 { 2 [6f1.65.182.7 14 0.213 |1.09 | 0.68 | 0.27 [54.4] 0.71 0.26 0.48 0.44
-
53 8.6.42| 1000 84.3 g 661.65; 192.7 15 0.222 | 1.15 | 0.70 | 0.28 |58.6 0.72 0.27 0.47 0.45
o 2 nozzles forward, 5-uprightj
8 S o injection pressure and
55 | 8.6.42| 1000 82.6 | 7%1.65 36 0.257 |1.35 |0.77 | 0.28(62.8 0.81| % | 0.36 0.56 0.57 excess of fuel high
o0 o - «
3 o X 2 small zles forward
o - " o Sm nozzles fo ')
56 §.6.42| 1000 86.4 @ 6f1.65;192.7 16 Xt 0.248 1.25 |0.88 | 0.32 62.0}0.73 E’ 0.28 0.48 0.53 the rest upright
o = C
o
57 8.6.42| 1000 80.7 § 791.65 36 0.263 |[1.41 |0.81 | 0.27 60.4 0.81 | % | 0.36 - 0.56 0.57
° ¥
58 9.6.42! 1500 83.8 ﬁ 121,65 7-1/4 X 0.215 1.17 | 0.73 | 0.29|56.9 0.74 0.29 0.49 0.47
59 9.6.42| 1300 84.0 ;;: 12¢1.65 7-1/4 0.216 |1.15. [0.73 | 0.29|53.04 0.67 0.22 0.42 0.47
61  |11.6.42 400 81.6 @ 1461.65 22 0.232 |1.17 |0.75 | 0.22 |57.4 0.71 0.26 - 0.46 0.50
WP = : High injection pressure, hi
62 [11.6.42| 2000 85.8 | © 14§1.65 22 0.214 |1.20 |0.71 | 0.22[s5.1]0.73 0.28 0.48 0.47 eﬂ‘e,,"of melpaffgct”hj g
ci 1 diffuser efficiencies, an
63 [11.6.42| 2000 86.5 = 791.65 34 0.270 |1.50 [0.86 | 0.91 83.8/0.83 0.38 0.58 0.56 coefficient of propulsion
2
64 111.6.42| 2000 87.5 7$1.65 34 4 0.254 |1.38 |0.86 | 0.90 Bp5.4/0.83 0.38 0.58 0.56
‘ With streamlined strut ‘across
65 |i1.8.42 | 2000 85.3 791.85 34 0.252 [1.42 |0.83 | 0.29 §50.5|0.81 ~ 0.36 0.56 0.55 and at 213 depth of the
. F . diffuser
66 [11.6.42 | 2000 87.5 761.65 34 0.249 |1.38 |0.83 | 0.29 83.6]0.81 0.36 0.56 0.54
y Substantial solution of
67 [12.6.42| 1000 84.1 18 | 14¢1.65 8 0.206 |1.06 10.75 | 0.27 50.8/0.75 9.30 0:50 0.49 yasoline spray gives good
ac%cn : : results even at low injection
68 [12.6.42 | 1200 85.5 |45 | 141.65 12 0.245 |1.27 lo.g1 | 0.27 |62,40.76 0.31 0.51 0.53 pressure
=8 -
69 {12.6.42| 1200 sa.5 |2 *° .7 4 0.226 |1.10 lo.e7 | 0.20 |sa.d 0.70 0.25 0.45 0.44 InJectio'n' pressure too low
70 |12.6.42] 100 78.5 | MR 14165 36 0.50 |1.08 {0.85 | 0.28 |59.9 0.78 0.33 0.53 0.56 _ ‘| Colorless flame
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Figure 1.

Jet tube of 2.5m diameter at flight near sea level with

stoichiometric gasoline consumption and 1100 Km/h (v/a = 0.9)
flying speed. (Thrust: 16.4 tons, thrust coefficient: ¢, = 0.57;

gasoline consumption: 1.19 Kg/sec t; efficiency: 5.7%; thrust
horsepower: 67,000 hp.)
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Figure 18.- Road towing test with Lorin combustion chamber
for studying the injection and combustion processes.
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Figure 19.- Road towing tesg with Lorin combustion chamber of
800-mm diameter and 2400 K discharge temperature for studying
the injection and combustion processes.
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Figure 20.- Road towing test with high-temperature jet tube for measuring the
diffuser efficiencies.
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Figure 21.- 2400-hp jet tube on the Do

17Z as experimental carrier.
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Figure 22.- 2400-hp jet tube and thrust recording setup on the Do. 177Z.
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Figure 23.

240th

jet tube on the Do 17Z,

flight in cold

state,
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Figure

24,

2400hp

jet tube with v=85m/sec.

in operation.
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Figure 25.- Side

view of 20,000-hp jet tube mounted on the Do.
test carrier.
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Figure 26.- Interior view showing injection cross from rear.
20,000-hp jet tube mounted on Do-.- 217EZ2.
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Figure 27.-

20,000-hp jet tube on the Do

217E2,

flying in cold state.
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Figure 28.- 20,000-hp jet tube on the Do

in operation.

217E7 with 130 m/sec
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Figure 29.- 20,000-hp jet tube on the Do
in operation.

217E7 with

v

200 m/sec
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Shell for landing skid mechanism Nozzle adjustment
or bomb storage flap
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*
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Crew: 200 Kg
Fuel: 2400 Kg JET FIGHTER
Take-off rockets: 700 Kg
Take-off weight: 7000 Kg
Max. speed at sea-~level: 850 Km/h } v/a 0.7 gives optimum range
Max. speed in stratosphere: 750 Km/h for 12 Km flight level
Landing speed: 150 to 170 Km/h
Min. take-off speed: 170 Km/h
Stalling speed, sea level: ; 13 to1s m/sec
Take-off and climb to 12 Km: 23 min. Max. duration at 12 Km, 50 min.
Max. length of flight: 00 Km. Max. output: 30,000 hp.
- Weight used in preliminary test on the Ju 288 or its equivalent.
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Figure 30.- Over-all arrangement drawing of a jet fighter with 60,000-hp jet unit.
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Figure 34.- Flight path of jet fighter used as level bomber gives at
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